This paper develops a multigenerational overlapping (OLG) model to investigate the welfare effects of pension reforms in an aging economy. Given the declining trend in the proportion of young people to the old aged, it is feared that existing pay-as-you-go pension system may not be sustainable and it necessitates higher tax or premium contributions to maintain the sustainability of the fiscal and pension system. This paper investigates the effects of four reform programs aiming to enhance the sustainability of the pension system. The programs are: (a) an increase in pension contribution, (b) a reduction in pension benefit, (c) an extension of mandatory retirement age, and (d) a combination of program (b) and (c). Policy simulation results from this paper indicate that extending mandatory retirement age harms only little of the current generations' lifetime utility whereas it gradually improves future generations' life time utility. On the contrary, increase in pension contribution reduces lifetime utility of the current generation without benefitting future generation. Alternately increase in contribution ratio improves future GDP growth whereas reducing replacement ratio cannot. Finally, an increase in pension contribution worsens government budgetary condition whereas reducing replacement ratio does not.
also exposed to the challenges resulting from population aging.
Population aging has many important socio-economic and health consequences. It calls for the needs to cope with problems and challenges resulting from the increasing share of the elderly in the society. The increase in the retirees to working-age population ratio in the aging economies has leaded to fervent social and political concerns on the sustainability of the current social support and social security systems. The increasing aged population also putts great pressure to bear on the national healthcare systems. Increasing proportion of aged population is likely to increase the prevalence of disability, frailty, and old age related noncommunicable chronic diseases. These demographic and public health developments also challenge the sufficiency of current public healthcare system. Moreover, population aging and shrinking labor force may slow down economic growth and reduce government tax base. Therefore, many people fear that the demographic bomb of population aging would degrade current economic life and increase the burdens of future generations to meet the commitments to the ever-increasing retired workers. This paper develops an Auerbach and Kotlikoff [1] type general equilibrium overlapping generation (OLG) model to study the effect of population aging on the macroeconomy. Main interest of this paper is to investigate the impact of population aging on economic growth and national savings, and the welfare effect of pension reform in the aging economy. Taiwan has phased into aging economy in 1994. The official population projection in Taiwan predicts that Taiwan will become an aged economy in 2018 and super-aged economy in 2026. This paper uses Taiwan as object of investigation to explore the welfare effect of pension reforms.
The aging demographic transition is the result of increasing life expectancy and decreasing fertility. As long as the crude birth rate is still higher than the crude death rate, total population can still keep growing. However, once the gap between these gaps reversed, total population starts declining. The medium variant population projection made by the National Development Council in Taiwan predicts that both rates will cross each other around year 2022 ( Figure 1 ). Given this demographic transition, the size of working age population has increased with a decreasing rate. As a result, the size of working age population will reach its summit in 2017. Even though the number of working age population has started declining, total population will keep growing as long as the sum of the crude birth rate and net immigration rate is still higher than the crude death rate. Once the injection of new population cannot compensate for the deceased population, total population starts declining. The expected timing for aggregate population to decline is persons aged 65 and up, has increased in the past decades. At the meanwhile, the size of young dependent population, defined as persons age 14 and less, has declined consistently in the past decades. These scenarios of demographic projections suggest that Taiwan would inevitably experience an unprecedented socio-economic challenge arising from population aging.
The increasing old-age dependency ratio has drawn the public's concern regarding the capability of the pension system to fulfill its commitment in the future. Furthermore, population aging results in a phenomenon that there are less people working and paying income taxes, whereas there are relative more elder people claiming pension and other social welfare benefit. It is worrisome that it to the concern on sustainability of public finance and pension system. There is a surge in Taiwan that claims a reform on the pension system. The general belief is that a pension reform, by proposing a cut on retirees' benefit or a raise in the contribution of current workforce, would enhance the sustainability of the pension system and promote the welfare of the future working generations.
This paper aims to investigate the impact of population aging on the macroeconomy and explore the welfare effect of pension reform in Taiwan. Given the demographic transition in Taiwan, this paper develops an overlapping generation (OLG) model to explore the effects. With the OLG model at hand, this paper first obtains simulated impact of population aging on the economy and set the simulated "Do-Nothing" policy as the baseline. This paper then obtains scenarios from alternative pension policy reform schemas and compares the results with that of the baseline model to draw conclusions.
Section 2 of this paper reviews literatures related to current study. Section 3 develops the theoretical model used for this study. Section 4 reports the results of model calibration and illustrates the scenarios of various simulation experiments. Sections 5 sums up major finding of this study and draws policy conclusions based on simulation results.
Literature Reviews
The use of overlapping generation (OLG) model in macroeconomic study was inspired by the seminal works of Samuelson [2] and Diamond [3] . It is Auerbach and Kotlikoff [1] which popularized the use of OLG models in the study of pub- Diamond [3] had only two generations, the young and the old; recent literature has extended the analysis to include 60 to 100 generations (e.g. Heer and
Maußner [5] ; Muto et al. [6] ; Rausch and Rutherford [7] ) to study the complex issues involved in the aging economy.
This review discusses the use of OLG model in the study of aging economic issues in general and pension reform with its welfare implication in particular.
The canonical work of Samuelson [2] Hviding and Mérette [13] used OLG model to investigate the macroeconomic impact of possible pension reform strategies for seven aging OECD countries.
They simulated various reform schemas, including a reduction in the level of pensions, phased abolition of PAYG schemes and general fiscal consolidation, and concluded that any measure that promotes national saving rate can yield higher future GDP levels, but the positive effect on GDP is not enough to offset the effects of ageing. Furthermore, a rise in the retirement age has larger effects, but it implies significant loss of leisure time. In an investigation of aging effects using OLG model, Shimasawa [14] found that a consolidated pension and fiscal reform can promote human capital accumulation and thus accelerate economic growth. Oksanen [15] studied the saving behavior in an economy with permanently declined fertility and increasing longevity. He argued that this demographic development changes the economy's age structure permanently and it is the public pension system that helps to smooth consumption over a lifetime of working and retirement. He used a simple OLG model to simulate the effect of population ageing on the capital to income ratio, the saving ratio and the pension system. The conclusion is that population aging is positively correlated with capital-income ratio and the saving rate. It also showed that moving from a pure PAYG pension system to partial funding of mandatory pensions has positive impact on saving and has implications for intergenerational equity.
In summary, the prime question in the investigation of effects of demographic aging on the economy is "Does population aging affect the economy? If so, how could it happen?" The OLG model has been applied intensively in the search for answers to that prime question. Usually, it is used to explore the impacts of demographic aging on economic growth, on saving and investment, on factor and financial markets, and on the sustainability of public finance and pension sys- 
The Model
The current paper presents an extended dynamic overlapping generation (OLG)
model that allow us to analyze the effect of population aging on saving, capital formation and economic growth.
There are four sectors in the economy: households, firms, the government and a pay-as-you-go (PAYG) pension system. There is a representative individual for each generation in the households sector. Each individual has a fixed life time up to age 85. Each individual with age less than 20 is nurtured by his/her parents and receives education. The individual starts working at age 21 and retires at age 65. Each individual earns wage income and build up savings for old age. The representative agent maximizes his/her intertemporal utility function with consumption. Firms maximize profits. The government collects taxes and social security contributions and runs a balanced budget. The model is a one-country closed economy model, where both the goods market and factor markets are assumed to be perfectly competitive.
A period, t, in the model corresponds to one year. At each time period, a new generation of households is born. This models considers only the working and retired generations. Newborns have a real life age of 21, corresponding to age 1 in the model, denoted by 
Demographic Transition
Let s t N be the number of agents of age s at t. This paper assumes that population grows at the exogenous rate n = 1.1% until year 2030 and the population growth rate is then assumed to drop by −0.01% per annum thereafter. The year 2010 corresponds to t = 0 and we assume that the economy is in a steady state at t = 0. The number of population at time t is given by ( )
where s t φ is the survival probability of generation s at time t, N t is the aggregate population at time t. 
Households Sector
The instantaneous utility u(c, l) is a function of consumption c and labor supply l:
where ( ) 
The efficiency of the representative generation is normalized with its efficiency at the beginning of his career ( Figure 3 ). 2 The net wage income of working age population in period t of an s-year old is given by ( ) 
where t w is the wage rate per efficiency labor unit in period t; w τ is the wage income tax rate; b τ is the workers' pension contributions rate. In Equation (4), the new born generation does not possess any assets at the beginning of age s = 1,
This paper assumes that the older generations do not have bequest incentive, so that parents do not leave bequests to their heirs. The household with age greater than 1 earns interest income with wealth saved in previous periods. The interest rate on assets is r t , t r ∈  . Capital income is taxed at rate 2 The estimation is based on the data published by the Ministry of Finance (Taiwan) for reported wage income in 2012 income tax declaration. The published data is by gender-and by age-groups only; there is no individual age-income data available. Therefore, to obtain estimated income for each individual age, this paper calculates a sex-weighted income for each age group first and then interpolates the data to get age-specific income for each age. The interpolated age-income series is then normalized with the income at age 20. Finally, the normalized series is used to estimate age-earning profile in Equation (4) which yields the plots in Figure 3 . 
The household's saving is assumed to held in government bonds ( 
Firms
At each t, firms produce output, Y t , using Cobb-Douglas type constant returns to scale production function:
Productivity A t grows at the exogenous rate g A . The firm decides the demand for physical capital and effective labor to maximize profits with given factor prices. The factor prices, wage ( t w ) and interest rate ( t r ), are determined in the perfect competitive markets. Profit maximization gives rise to the first-order conditions:
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The Government Sector
The government collects two types of income taxes, wage tax and capital tax, to finance its expenditures on government consumption (G t ) and transfers (Tr t ). The government's tax revenues (T t ) are given by
where t W is aggregate wealth at t. Government spending is a constant fraction of output:
The government finances the deficiencies in general expenditure by issuing new debt to the public. Let D t denotes government bonds outstanding at time t.
Assume that the government budget is balanced in every period t, so that the government budget constraint is give as:
The Pension Sector
The social security system is a pay-as-you-go system. The pension sector grants a pension to the retirement generations while the pension contribution is collected from the working generations. Pensions are a constant fraction of net labor income:
The replacement ratio of net pensions, ( )
, is assumed to be constant. In this case, the contribution rate b τ has to adjust in order to balance the social security budget. The budget constraint of the pension sector is that total pension contribution received from period t − 1 equals to the current periods', period t, pension benefit payments.
Stationary Equilibrium
In the stationary equilibrium, individual behavior is consistent with the aggregate behavior of the economy, firms maximize profits, households maximize inter-temporalutility, and factor and goods' markets are in equilibrium. The aggregate variables labor supply L t , consumption C t , taxes T t , capital stock K t , and bonds D t are equal to the sum of the individual variables. Aggregate saving is the sum of K t and D t . The budget of the social security system as well as the government budget is balanced.
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Model Estimation and Simulation
Given the model illustrated in previous section, this paper applies the practical data in Taiwan for model estimation and simulation and uses the software package Matlab in the study.
Data and Parameterization
In the OLG model estimation this paper assumes that each household starts his lifetime career at physical age 21, corresponding to model age 1 (s = 1). All households retire at the mandatory retirement age, which is 65 in Taiwan 
The Role of Technological Progress in Aging Economy
Given the demographic and macroeconomic scenarios in Taiwan, this paper first investigates the transition path of some macroeconomic variables with the impacts of population aging. It is acknowledged that population aging causes aging of the labor force and reduces the portion of working age population in the economy. It is also recognized that promoting technological progress can mitigate the adverse effect of shrinking working age population on aggregate output. Therefore, this study first compares the macroeconomic outcomes of the economy with/without technological progress. Figure 5 illustrates the scenarios of selected key macroeconomic variables under these alternative simulations. In Figure 5 , the dashed lines indicate the case where the rate of technological progress is zero (g = 0) and the solid lines signify the case with a 1.5% constant annual technological growth (g = 0.015). Comparing the performance of GDP in these two simulations (panel A), it is obvious that, given the presence of population aging, the economy will experience output decline eventually, no matter the economy has technological progress or not. However, the timing of output decline will come approximately 70 years early in the no technological progress case, comparing to that of the alternative case. Moreover, the peaked output level in the no technological progress case (right scale) is only about 1/10 of the peaked value in the alternative case (left scale).
In addition to the output effect, the generational welfare effects of population aging can be observed from two other aspects of the economy, namely, the consumption welfare effect and income-class welfare difference. The generational consumption welfare can be observed by comparing the consumption levels of the current and future generations. In panel B, the scenarios of per capita consumption with no technological progress indicate that the level of consumption per capita starts to decline approximately 20 years from the initial steady state. In the long-run, the future generations have a lower per capita consumption than that of the current generation. On the contrary, the scenarios of the alternative case indicate that consumption welfare per capita increase all the way, so that future generations enjoy a better material life than the current generation. Further, per capita consumption in the alternative case is far more above that of no technological advancement case. In conclusion, an aging economy without technological progress harms consumption welfare of future generations.
The income-class welfare can be observed with the variations in factor prices due to population aging. "Class" in this study implies the categorization of income earners; that is, it represents the distinction between wage income and capital income earners. Since most of the saving in the economy comes from the middle-age or old-age households, aggregate saving or assets stock will increase in line with the transition of population aging. However, the transition toward aging economy is accompanied with a shrinking working age population. As a result, capital in the aging economy is a relative abundant factor whereas labor is a relative scare resource. The factor markets dynamics associate with the transition of population aging will change the relative factor prices and generate a more favorable income condition for the laborers. The simulation results from this study confirm this common belief.
The simulation results indicate that population aging creates advantageous effect for the wage earners and disadvantageous effect for the interest earners.
Panel C indicates that, in the case with g = 0, the wage rate will increase in the first instance, rising with the phase of population aging, and then stagnate approximately 50 years from the initial steady state. There is a shocking precipitation of the interest rate in the first years of aging in the no technological progress case. The capital return stays negative and becomes trapped thereafter (panel D).
It seems that population aging yields an advantageous income condition for the Y.-H. Hsu laborers against that of the capital owners. In the case with technological progress the wage rate does not stagnate at all. Wage rate keeps rising even that the GDP has declined. Capital in the technological advancement case reveals a long-run trend in falling rate of return. Although capital returns never stagnate in this latter case, population aging is harmful to future generations who own capital. In conclusion, the simulation experiments in this study confirm that population aging leads to an advantageous welfare condition for the wage earners and disadvantageous condition for the capital owners; it also harms future generations who own assets.
Pension Reforms and Its Macroeconomic and Welfare Effects
Population aging alters age composition of the economy with a decline in the proportion of young people to retirees. This has substantial impacts on the current pay-as-you-go (PAYG) pension system. People fear that the pension system may go into bankruptcy in the future. Even if the system keeps working, a higher ratio of pensioners to employees necessitates higher tax or premium contributions to maintain the sustainability of the fiscal and pension systems. This puts burdens on the current and future working generation. Therefore, people urge the government to take action in reforming current PAYG pension system. Possible solution proposals to enhance the sustainability of the pension system include increasing premium contribution, reducing pension benefit, postponing the eligible age for pension benefit, and/or combination of these measures. In light of conventional wisdom, this paper analyzes the effects of four reforms in the pension system that is proposed enhance the sustainability of the pension system: (a) an increase in the contribution by 15%; (b) a reduction in the pension benefit by cutting 15% of the replacement ratio; (c) a mild extension of mandatory retirement age by 1 year; and (d) a more progressive reform in cutting pension benefit and postponing mandatory retirement, a combination of (b) and (c). This paper uses the simulation outcome of model with a constant rate of technological progress (g = 0.015) as the baseline for reform effect comparisons. The effects are compared by examining the scenarios in nine variables, namely, GDP, per capita consumption, pension per capita, aggregate save rate, pension benefit to GDP ratio, average lifetime utility, wage rate, interest rate, and government budget surplus/deficit status. This paper uses GDP and aggregate saving rate to capture the reform effect on the macroeconomy and uses wage rate and interest rate to mirror the effects on the factor market. In order to examine the welfare consequence of pension reform, this paper uses pension per capita and pension to GDP ratio to monitor the reform outcomes and uses consumption per capita to index the effect on consumption welfare. People are concerned about the fiscal consequence of pension reform. Therefore, this paper uses government budget surplus/deficit to pick up the reform effect on fiscal condition. Finally, this study uses the lifetime utility to mirror the overall welfare effect of pension reform on the representative household. Figures 6-9 illustrate the simulated results of each reform program respectively. capital stock has the effect of reducing capital return in the capital market. In the labor market, the labor cost has risen due to risen pension contribution. Although GDP has risen in the economy, per capita consumption does not change because saving rate increased. For the pension benefit in the economy, per capita pension revenue has no obvious change whereas the overall pension to GDP ratio has reduced, probably due to the rise in GDP. The government budget deficit has worsened because, under current pension regime, the government is responsible for 60% of the pension contribution. For the lifetime utility of the households, this reform debases the utility of the current generations whereas does not impact much on the utility of future generations.
The second policy experiment, case (b), is cutting the retirees' pension benefit by 15%. Currently Taiwan has multiple pension programs for the public servants, military service men, the laborers, and the farmers respectively. A consolidation effort to integrate these multiple pension programs into a single national pension program is on the way to the legislative process. At this moment, the effective average replacement ratio is 0.465. This paper performs an experiment on a cut of this average replacement ratio to 0.395. Figure 7 illustrates the simulated results of this change. This reform measure does not change households' net wage income, so that the working-saving decision of the households has not been affected. As a result, most of the macroeconomic variables do not change with the change in this reform measure. This reform package neither affects the government budgetary condition. However, the pension benefit one the microand macro-level has been changed. Per capita pension benefit does not show significant change for the current generations; however, pension benefit per capita for the future generation has worsened. On the macro-level, pension benefit to GDP ratio has lowered and this ratio is much lower for the future generations.
The overall lifetime utility of the household does not change much with the change in this pension policy.
The third experiment, case (c), is on the postponement of the eligibility for claiming pension benefit. Current pension arrangement in Taiwan sets age 65 as the mandatory retirement age. This study considers an extension of this mandatory retirement age by 1 year; that is, from 65 to 66. This reform has a direct effect on labor supply and a time effect on the delayed payment of pension benefit by the pension system. With delayed retirement, labor supply increases which contributes to GDP growth. The increased GDP induces an increase in per capita consumption. The future generations enjoy more national income and consumption per capita than the current generations do. This reform also causes a slightly reduction in the saving rate but does not result in obvious effect on the factor market. The government budgetary deficit has worsened, because postponed retirement implies that the government is responsible for the additional due share in the pension contribution. This reform has a more noticeable effect in reducing the pension to GDP ratio and pension benefit per capita. Even though the reform measure causes a reduction in per capita pension, it still yields a noticeable increase on the overall lifetime utility for the future generations ( Figure 8 ).
The last experiment, case (d), is a combination of cutting pension benefit and postponing mandatory retirement by 1 year (Figure 9 ). The simulated scenarios are basically similar to that of case (c), except that the effects on pension per capita and pension benefit to GDP are more prominent in this case. Moreover, this reform also improves the lifetime utility of the future generations as in case (c).
In summary, the effect of pension reform operates through its impacts on households' lifetime income and consumption. The overall effect of the reform package depends on how much it impacts on the households' working-saving decision and how these impacts transmitted to the other sectors. Of the four reform experiments discussed in this paper, the increase in the contribution ratio has the most significant ripple effect to the economy; cutting pension benefit by reducing the replacement ratio has the least adverse effect on government budgetary condition; extending the mandatory retirement age has the least distortion effect on the factor market; increasing pension contribution encourages saving ratio, promote capital formation and future GDP.
For the consumption welfare effect, neither raising contribution nor cutting replacement ratio has significant effect on altering generational consumption welfare. However, postponing mandatory retirement improves consumption welfare of the future generation. For the pension welfare, increasing pension contribution has the least adverse impact on pension to GDP ratio and also has the least detrimental impact on future generations' per capita pension. For the reform effect on the lifetime utility, cutting replacement ratio has no observable effect on it; increasing pension contribution worsens the lifetime utility of current generation without any improvement on future generations' utility; however, postponing mandatory retirement age does not harm much of the current generation whereas it has a gradual improvement effect on future generations' life time utility.
Conclusions
This paper presents a four-sector, multi-generation overlapping generation (OLG) model to explore the effects of pension reform in an aging economy. The four sectors of the model are the households sector, the sector of firms, the public sector, and a pay-as-you-go (PAYG) pension system. The economic data and institutional setting of Taiwan are used in this study.
Many people concern about the effect of population aging on economic growth, the sustainability of public and private transfer systems, and generational welfare impacts. This paper uses multigenerational OLG model to investigate 
